Background: In this study, wheat bran, an agricultural waste, was utilized as a low-cost carbon source for algal cultivation. Results: Treatment of lignocellulosic waste by two fungal species (Pleurotus ostreatus or Trichoderma viride) caused the accumulation of reducing sugar at a relatively high concentration (50.58 and 54.30 mg/g wheat bran) after 7 days of incubation, respectively. The soluble products of treated wheat bran increased the growth, carbohydrate, and protein contents of both Chlorella vulgaris and Scenedesmus obliquus under mixotrophic and heterotrophic conditions.
Introduction
Cellulosic materials were commonly used as carbon/energy substrate and source of inducers in fermentation (Lee and Fan 1983) . Lignocellulosic residues can be classified into two main groups: those in which the lignocellulose is the major carbon source and those in which, in addition to the lignocellulose, there are significant concentrations of simple carbohydrates, such as mono-and disaccharides (Villas-Bôas et al. 2002) ; vitamins and minerals, due to their organic nature, are easily assimilated for microorganisms (Rosales et al. 2005) . Wheat bran is a very important dietary fiber source which is widely used in the food industry in order to produce fiber-enriched foods (Wang et al. 2012) . Wheat bran is the major lignocellulosic waste which is mainly disposed by burning, causing air pollution and thus could not be considered as an animal feed due to its low digestibility, low protein content, and high lignin and silica contents. The conversion of lignocellulosic material to fermentable sugars requires three basic processes, i.e., enzyme (cellulase) production, pretreatment of raw material, and hydrolysis and cellulolysis of microorganisms. The ability of fungi to degrade lignocellulosic materials is due to their highly efficient enzymatic system. It is known that fungi have two types of extracellular enzymatic systems: the hydrolytic system, which produces hydrolases that are responsible for polysaccharide degradation, and a unique oxidative and extracellular ligninolytic system, which degrades lignin and opens phenyl rings (Sánchez 2009 ). The obtained reducing sugar can be used as carbon source for algal production. Many species of microalgae take up organic compounds from the medium; for example, glycerol, glucose, and acetate are taken up by a number of chlorophytes (Ukeles and Rose 1976) . Aqueous extracts of tea leaves and soybean residues have been used as culture media for the cultivation of a unicellular green alga, Chlorella pyrenoidosa (Wong and Lay 1980) . Chlorella vulgaris and Scenedesmus obliquus have the ability to utilize organic substrates under both light and dark conditions (Combres et al. 1994 ), C. vulgaris possesses an inducible active hexose transport system (Tanner 1969) , and this system is constitutive in S. obliquus (Abeliovich and Weisman 1978) .
In general, and in most cases, heterotrophic cultivation is far cheaper, simpler to construct in facilities, and easier than autotrophic cultivation to maintain on a large scale (Perez-Garcia et al. 2011) . Glucose can be utilized under heterotrophic conditions by Chlorella protothecoides, which can grow under heterotrophic conditions using acetate, glucose, or other organic compounds as carbon source (Wu et al. 1994) . Micractinium pusillum grows in the presence of organic substrates, i.e., glucose and acetate, in the light (mixotrophic growth) as well as in the dark (heterotrophic growth) (Bouarab et al. 2004 ). This work aims to study the effect of the soluble product of fermented wheat bran on the growth of some green algae under mixotrophic and heterotrophic conditions.
Methods

Lignocellulosic waste
Wheat bran was collected from fields in Mahelet Roh near Tanta City in El Gharbia Governorate, Egypt.
Microorganisms
C. vulgaris and S. obliquus were collected from different channels and sewage in Gharbia Governorate and then purified and identified according to Fott (1969) and Prescott (1978) . The axenic culture was maintained on Kühl agar slants (Kühl 1962) at 4°C. Subcultures were made regularly, nearly every month.
Pleurotus ostreatus (HARI7 Hungary) and Trichoderma viride were obtained from the Laboratory of Mycology, Botany Department, Faculty of Science, Tanta University and were grown and maintained on malt extract Czapek-Dox agar medium (Starr et al. 1981 ) slants and plates, respectively, at 5°C.
Pretreatment of lignocellulosic wastes by fungi
Wheat bran was moistened by distilled water; then about 50 g of dry waste was added in 250-mL flasks and sterilized for 20 min at 121°C and 1.5 atm. The flasks were cooled, inoculated with two blocks of P. ostreatus and T. viride separately, and incubated at 26 ± 2°C. During mycelial growth, water-soluble reducing sugars and total carbohydrates (Dubois et al. 1956 ) were measured after 1, 3, 5, 7, 9, and 11 days.
Preparation of lignocellulosic wastes for analysis
Three replicates (1 g) were removed every 2 days from each of the flask containing the mycelia-colonized wheat bran (each was inoculated by P. ostreatus and T. viride). Each sample was mixed with 10 mL of hot water (70°C) for 2 h; the mixture was squeezed through several layers of cheesecloth and was filtered. The filtrate was cleared by centrifugation at 6,000 × g for 20 min at 4°C. The resulting supernatants were used for all subsequent assays (Wood and Goodenough 1977) .
Cultivation of algae
The inoculum was prepared by dispensing 250 mL of Kühl medium in 500-mL Erlenmeyer flasks and then sterilized in an autoclave at 121°C and 1.5 atm. for 20 min. After cooling, the Erlenmeyer flasks were inoculated by one loop of 7-day-old cultures (160 mg/100 mL algal suspension for both tested green algae and chlorophyll (a + b) 6.33 and 6.45 μg/mL for C. vulgaris and S. obliquus suspension, respectively). The culture flasks were aerated by air pumps and incubated at 25 ± 1°C under continuous illumination provided from daylight fluorescent tubes (80 μmol photon·m −2 ·s −1 ). The growth of the inoculum was assessed at 560 nm to adjust the number of cells to 2 × 10 5 cell·mL −1 . One-liter flasks were used as growth vessels, in which 600 mL of medium was poured and inoculated with different concentrations of treated soluble product of wheat bran (v/v) or pure glucose with the same concentration of soluble product, and then pH of the medium was adjusted at 6.8. The obtained culture medium was sterilized and then inoculated with 20% (v/v) of exponentially growing inocula. Growth vessels were bubbled with air pumps and incubated at 25 ± 1°C for 10 days under continuous illumination for mixotrophic conditions, and another set of test flasks was wrapped with aluminum foil to shade from the light for heterotrophic conditions. In each experiment, the growth curve, total protein, pigment, carbohydrate, and total lipid content were determined.
Determination of algal growth parameters
Algal growth including optical density (Wetherell 1961) , dry weight, pigment content (Steinman and Lamberti 1996), total carbohydrate content (Dubois et al. 1956 ), total soluble proteins (Lowry et al. 1951) , and total lipids (Varma and Tiwari 1967) for 10 days of incubation period was determined.
Statistical analysis
All reported results are the means of the three replicates. One way analysis of variance and Pearson correlation coefficient were carried out using the SPSS (version 1999) computer program of biostatistics (Ghonam and Sabre 2000) .
Results and discussion
Effect of P. ostreatus and T. viride on pretreated wheat bran
The results obtained revealed that there is a negative correlation between the reducing sugars and carbohydrate contents of fermented lignocellulosic waste by action of fungal growth (Figure 1a ,b). Our results are in agreement with those obtained by Rabinovich et al. (2002) who found that Trichoderma, Penicillium, Fusarium, and mushroom produced large amounts of polysaccharide hydrolases which act to depolymerize lignocellulosic polymers into compounds of lower molecular weight which can be assimilated by algal cells. Fungal enzymes have been suggested as a feasible alternative for the conversion of lignocelluloses into fermentable sugars and fuel ethanol (Szengyel et al. 2000) . The decrease in carbohydrate contents of lignocellulosic waste was coupled with the increase in reducing sugar content (glucose) due to the effect of hydrolytic enzymes which were secreted during fungal growth. In early studies, Toyama and Ogawa (1975) found that inoculation of rice straw or wheat bran by T. viride resulted in the formation of 5% to 10% of sugar solution after 48 h of incubation.
The results indicate that carbohydrate contents of wheat bran increased again as the incubation time increased for more than 7 days. These results are more or less similar to that reported by Montant and Thomas (1977) who stated that growing fungi might secrete different polysaccharides in the medium at different times of the incubation period and that reducing sugar content of fermented lignocellulosic wastes also decreased by the increase in the incubation period. This reduction in reducing sugar content may be due to the assimilation of monosaccharide released from the hydrolysis of fungi themselves. Hence, the compounds of lower molecular weight released by depolymerization of lignocellulose can be assimilated by fungus (Wood 1985) .
Growth response
The results show that the effect of soluble product of wheat bran on growth of both tested algae is a similar to the effect of glucose on algal growth under both conditions (mixotrophic and heterotrophic) if added in the same concentration (Figures 2 and 3) . This indicates that both tested algae can utilize the reducing sugar (glucose) produced from wheat bran. Our results are in agreement with Shamala et al. (1982a) who stated that the addition of 0.05% (w/v) glucose in mixotrophic culture of Scenedesmus acutus increased the biomass threefold. The biomass concentrations of C. protothecoides CS-41 increased from 4.9 to 31.2 g·L −1 of dry cells with increasing initial glucose concentration from 10 to 80 g·L −1 under heterotrophic conditions (Shi et al. 1999 ).
Carbohydrate contents
The carbohydrate contents of both tested algae were significantly increased according to the concentration of soluble product of wheat bran or glucose, algal species, and culture conditions (light or dark). This observation is similar to that observed by Shamala et al. (1982b) who stated that S. acutus produced high amounts of carbohydrates even at lower glucose concentrations under mixotrophic conditions. Inclusion of glucose in the culture of Ankistrodesmus convolutus induced the increase in carbohydrate contents under mixotrophic conditions (Chu et al. 1995) .
On the other hand, the carbohydrate contents of both tested organisms increased with the increase of the reducing sugar (soluble product of wheat bran or glucose) under heterotrophic conditions (Tables 1 and 2 ). This result is more or less similar to that of Griffiths (1965) who observed that heterotrophically grown cells were diverted toward carbohydrate synthesis rather than toward the synthesis of other cellular constituents. Heterotrophic growth leads to the accumulation of carbohydrate (Shamala et al. 1982b ).
Total soluble proteins
The effect of soluble product of treated wheat bran or glucose on the protein contents of both algal species showed an increase in the total soluble protein under mixotrophic conditions (Tables 1 and 2 ). Our results are in agreement with those of Shamala et al. (1982a) who stated that mixotrophic cultivation appears to be advantageous for the mass production of algal protein. Hu and Gao (2003) found that mixotrophic cultures of Nannochloropsis sp. gave a greater protein content. However, our results are in contrast with those of Orus et al. (1991) who noted that the culture growth of C. vulgaris UAM 101 grown on glucose reduced in protein content.
Under heterotrophic conditions, the protein contents of both the tested organisms were decreased gradually by increasing the concentrations of soluble product of treated wheat and glucose, but still more than the control; this means that the algal protein production depended on the concentration of the used carbon source and light. These findings are in accordance with those of Ogbonna and Tanaka (2000) who found that protein contents of Chlorella decreased during the heterotrophic phase.
Pigments contents
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This effect manifested after 6 days of incubation under mixotrophic and heterotrophic conditions. Mix, mixotrophic; Heter, heterotrophic. Values represent mean ± standard deviation (n = 3). *Significant P < 0.05, **highly significant P < 0.01, ***very highly significant P < 0.001. This effect manifested after 8 days of incubation under mixotrophic and heterotrophic conditions. Mix, mixotrophic; Heter, heterotrophic. Values represent ± standard deviation (n = 3). *Significant P < 0.05, **highly significant P < 0.01, ***very highly significant P < 0.001.
wheat bran under mixotrophic conditions, whereas no significant effect was observed in the content of the pigment fractions under heterotrophic conditions (Tables 1  and 2 ). The pigment fractions of treated S. obliquus with soluble product of wheat bran or glucose showed lower values as compared with those in the control under mixotrophic condition. The effect of glucose on the pigment fractions of S. obliquus showed different changes as compared with that in soluble product of wheat bran under heterotrophic conditions. However, they increased as the concentration of glucose increase, but still lower than the control (Table 2) . Our results are in good agreement with those of Ogawa and Aiba (1981) who observed that the effect of glucose in the culture medium depends on its concentration. Chlorophyll and carotenoid content of A. convolutus decreased with the increase of glucose concentrations (Chu et al. 1995) .
Under heterotrophic conditions, the reduction in chlorophyll and carotenoids and the decrease in chlorophyll a/b ratio are also characteristic of dark adaptation, which is commonly observed in higher plants (Young 1993) . The reduction in pigment content of heterotrophic conditions may be attributed to the reduction in the number of chloroplasts (Scheerer and Parthier 1982) . The disappearance of pigment content of Chlorella protothecoides during the heterotrophic growth was due to the alteration of photosynthetic membrane proteins (Sasidharan and Gnanam 1990) . Furthermore, the biosynthesis of chlorophyll a is completed through lightdependent reaction; through this reaction, the protochlorophyll can be reduced to form chlorophyll a (Devlin and Barker 1971) .
Lipid contents
Our results revealed that the soluble product of wheat and glucose were stimulatory for lipid production of both the tested algae under mixotrophic conditions (Figure 4) . The stimulatory responses were extremely variable in the quantity according to the applied concentrations. Our results are in conformity with those of Orus et al. (1991) who recorded that the cultures of C. vulgaris UAM 101 grown on glucose produced high amounts of lipid. Our results also conform to those of Liu et al. (2010) who stated that glucose is the best carbon source for growth and lipid production.
Under heterotrophic conditions, the treated soluble product of wheat bran and glucose induced nonsignificant reduction in lipid content of both the tested algae (Figure 4) . In this context, Day and Tsavalos (1996) detected that the lipid contents (unsaturated fatty acid) in heterotrophically grown algal cells might increase or decrease depending on the algal species used. The heterotrophic culture of Tetraselmis had low lipid levels (especially fatty acids) compared with the phototrophically cultured cells (Becker 1994) . Our results are in contrast with that reported by Gao et al. (2010) who detected that C. protothecoides can grow heterotrophically with glucose as the carbon source and can accumulate high proportion of lipids. Furthermore, they indicated that sweet sorghum juice could effectively enhance algal lipid production, and its application may reduce the cost of algae-based biodiesel. This result suggests that the production of lipid by both tested algae depends upon algal species, culture condition, and concentration of the reducing sugar.
Conclusions
This work is an endeavor for the cultivation of some green algae using cheap carbon source (wheat bran) when treated with some fungi for increasing solublereducing content. The soluble product of wheat bran has a similar effect with glucose as carbon source under both mixotrophic and heterotrophic conditions. Our study suggests that the efficiency of wheat bran soluble product as carbon source for algal growth depend on the reducing sugar produced, algal species, and culture condition (light or dark).
